Hill land farmers, especially in Appalachia, are usually low external input grassland-based livestock producers with low output per hectare. Most of their land is unsuitable for annual crop production. Very little research has been published on organic crop production incorporated into livestock farming systems on hill land. Our objective was to compare the effects of four such systems on crop production and soil test results. The experiment had two fixed rotations, 4 and 7 yr, with two treatments at two levels. Treatments were low and high external inputs, without and with livestock, using three replications. All treatments had the same four annual crops in the same sequence. The with-livestock treatments had an additional 3 yr grass-legume ley. Sheep (Ovis aries) grazed the withlivestock treatment fields. Initiated in 1999, the experiment was terminated in 2011. Production of all crops and cover crops and soil organic matter (OM) was higher on systems with high external inputs than on systems with low external inputs. Under low external inputs the system with livestock produced more wheat (Triticum aestivum L.), and soil OM and available K were higher compared with the system without livestock. We conclude that integrating crops and livestock in a farming system can increase soil quality and crop productivity. Furthermore, Appalachian livestock farmers could increase stocking rate by implementing an integrated crop livestock system irrespective of level of external inputs. A major barrier to such integration is the lack of experience in applying good management practices to livestock, crops, and grassland. A ppalachia occupies a large region in the eastern United States and includes all of West Virginia and portions of 12 other states. Much of this region consists of hill land characterized by small areas of flat land on ridge tops and along small streams. Two-thirds of the land in WV has slopes greater than 20%, much of which has been eroded (Colyer, 1976) and has topographic characteristics that restrict its agricultural use (Baker et al., 1981) . Good soil conservation practices require permanent ground cover, usually grassland or trees. Just a small part of most farms is suitable for annual crops. Average farm size is small (approximately 60 ha) and not amenable to the use of large machinery. Amounts of fertilizer, pesticides, and other external or off-farm inputs used are low. Many farmers produce weaned calves using grassland as the principal source of feed. Stocking rate is frequently based on the amount of hay produced, which is restricted by how much of the farm can be traversed by haying equipment.
Annual cash crops, integrated into livestock production, while requiring more management and some added cost, could increase farm productivity. Organic production could add value to farm output. Diversifying a crop rotation with ley, defined as temporary pastureland that is integrated in a crop rotation (Allen et al., 2010) , would allow more hill land to be included in the rotation because inclusion of two or more years of ley reduces slope restrictions for cultivation (Barnett, 1965) .
Organic crop livestock farming requires management of complex biological systems integrating soil, plant, and animal. Organic practices include many activities common to all farms; however, how those activities are combined and managed can produce results different in organic systems compared with conventional (Scow et al., 1994) . Organic producers must commit long-term to a set of practices agreed to by them or, since 2003, set out by the USDA (USDA, 2017) . Although research results using non-organic methods are useful for organic farmers, experiments using and comparing organic methods are required. However, there are few published reports comparing organic farming systems, fewer integrating crops into organic livestock systems, and still fewer examining such systems on hill land. In a recent review, Delate et al. (2015) summarized eight long-term experiments comparing organic and conventional farming systems. Although most of these experiments used manure as an "animal" treatment, none integrated crops and livestock in a production system. Additionally, none were conducted on a certified organic farm. Cavigelli et al. (2013) found reports of six experiments in the United States on long-term agricultural research on cropping systems. None of these were on hill land. Parr et al. (1990) defined low-input farming systems as those that "seek to optimize the management and use of internal production inputs (i.e., on-farm resources) in ways that provide acceptable levels of sustainable crop yields and livestock production and that result in economically profitable returns." They described four farms where production systems had been developed that minimized use of external inputs, reduced risk, and increased profitability. Although not organic, these farms all had integrated crop livestock production systems and a crop rotation that included ley and/or forage legumes. Appalachian hill land farms have a philosophy of low input farming, exemplified by a quote from one of the participants in the Allegheny Highlands Project: "When you don't spend much money it takes a long time to go broke" (B.S. Baker, personal communication, 2017) . Thus, research aimed at organic farmers in the Appalachian region should include treatments with low inputs since maximizing productivity and profit may be a relatively minor objective of such practitioners (Sholubi et al., 1997 ).
An on-going goal of organic farmers is to build up and maintain soil quality. Applying compost or manure and integrating crops and livestock can increase soil quality. García-Préchac et al. (2004) reviewed results of many years of research on crop rotations that included ley and found that soil quality and crop productivity were higher in rotations involving a ley than in those with only annual crops. Romano et al. (2017) reported that both manure application twice in the rotations and diversifying a 4-yr organic crop rotation with 3 yr ley increased soil organic matter (OM) and wet aggregate stability, and reduced bulk density the year after breaking up the sod. Manure application increased available soil P and K, but incorporation of ley increased soil P and K only where manure was not applied. Large grazing herbivores can increase the rate of N mineralization and cause significant redistribution of N (Russelle, 1992) , however, with increases in losses of ammonia and nitrate. Cattle (Bos taurus) grazing cover crops did not consistently reduce soil C and N fractions leading Franzluebbers and Stuedemann (2008) to recommend integrating crops and livestock to conserve soil while intensifying land use for agriculture. In a review of literature Franzluebbers et al. (2014) concluded that there is a strong positive effect on production of crops grown after pasture, that perennial pasture increases soil OM, and that there are synergies between crop and livestock production systems. Posner et al. (2008) compared six cropping systems varying in level of external input and rotation diversity. They concluded that, "in the majority of cases, biologically diverse, low input cropping systems can be as productive per unit of land managed as conventional systems" and they emphasized the need for research on sustainability, particularly on row crop weed control under low inputs. Mader et al. (2002) reported results of a 21-yr cropping experiment. They concluded that higher biodiversity in organic plots may make organic systems of crop production less dependent on external inputs. Schlegel et al. (2015) , reporting the results of a 10-yr study, found that application of cattle manure enhanced soil OM and improved soil physical properties compared to inorganic fertilizer. Clark et al. (1998) compared four cropping systems over 8 yr. They reported that manure application increased soil C, extractable P and K, and pH in both a conventional low-input and an organically managed system.
In view of developing interest in organic production methods and with the encouragement of the Mountain State Organic Growers and Buyers Association, the Division of Plant and Soil Sciences converted the West Virginia University Horticulture Farm from conventional to organic practices in 1999. The primary goal of the farm was to carry out research for organic producers in Appalachia; hence, the whole farm of some 25 ha was certified in 2003. In 1999 four farming systems differing in external inputs and integration of animals and crops were initiated on this farm. This article reports the results from the four cropping systems of these farming systems. The objective of the experiment reported here was to compare the effects of four organic cropping systems, differing in external inputs and integration with livestock, on crop production and soil quality. Animal performance data are not included in this article. Our hypothesis was that an organic cropping system using high internal inputs would produce more than one using low external inputs, and that integration of annual crops with livestock using low external inputs would increase productivity. Integration of crops and livestock could allow a hill land farmer to increase stocking rate and better utilize land suitable only for pasture. Such a system would be readily adaptable by hill land farmers in Appalachia, given present farming systems and philosophy.
MATERIALS AND METHODS
The experiment was carried out on the West Virginia University Organic Crop Livestock Research Farm in Morgantown (39°39¢ N, 79°55¢ W, elevation 370 m). Annual precipitation averages 1069 mm and average monthly temperatures range from -1 to 23°C. The topography is rolling with slopes between 0 and 10%. Two soils series were mapped in the experimental area (J.C. Sencindiver, personal communication, 1998): Dormont (fine-loamy, mixed, superactive, mesic Oxyaquic Hapludalfs) and Guernsey (fine, mixed, superactive, mesic Aquic Hapludalfs). The farm had been managed for conventional fruit and vegetable production for more than 80 yr. In 1999, the last year of conventional production, 1.0 ha of land was assigned to the following two treatments, at two levels, in a factorial design (four cropping systems), with three blocks:
A. External inputs, (i) low and (ii) high B. Livestock, (i) without and (ii) with The fields assigned to low external inputs received no manure and were all seeded to red clover (Trifolium pretense L.) in 2000 with the objective of providing some biologically fixed N for cropping, initiated in 2001. Fields assigned to high external inputs received manure and cropping was initiated in 2000. The without-livestock systems had a 4-yr crop rotation. The with-livestock systems had a 7-yr crop rotation consisting of the same rotation as the withoutlivestock systems plus a 3-yr perennial grass-legume ley. In 2000 each farming system was assigned four or seven fields. Thus, each field within a system had a different starting crop and each year crops were rotated in each field following the same sequence of crop, cover crop, and green manure (Tables 1 and 2 ). The experiment was multi-rotational, each phase of each rotation was present each year. Crops used in the rotations represented the families: Solanaceae, Leguminosae, Gramineae, and Brassicaceae. Crops in phases one to four of all treatments were: Phase 1, potato (Solanum tuberosum L.); Phase 2, soybean [Glycine max (L.) Merr.]; Phase 3, wheat (Triticum aestivum L.); and Phase 4, brassica (Brassica spp.). Phases 5, 6, and 7 were ley, established by seeding orchardgrass (Dactylis glomerata L.) and red clover in September or April following brassica. This ley occupied the field for the next 3 yr and was then followed by potato to start a new cycle.
In November 1999, the cultivated area was divided into three blocks based on previous use and soil series. Sixty-six fields were laid out, 22 per block, along the contour. Blocks I and III were grassland, primarily composed of tall fescue [Lolium arundinaceum (Schreb.) S. J. Darbyshire], Kentucky bluegrass (Poa pratensis L.), and orchardgrass; in these blocks, fields (30.5 × 6.4 m each) were individually plowed, allowing a border area 0.9 m wide between fields. Block II was previously an apple (Malus pumila Miller) orchard with a tall fescue soil cover. Trees were bulldozed out and block II plowed. In this area, fields were laid out such that each included an area that had contained three apple trees. Fields were equal in area but varied in dimensions (18.3 × 7.6 and 22.9 × 6.1 m) according to orientation of apple trees, since distance between apple trees was not the same between rows and columns. Some of the experimental fields had slopes greater than those recommended for annual cultivation but acceptable for cultivation in 4 out of 7 yr. Within each block, these latter fields (up to 4% slope along and 9% across the contour [USDA-NRCS, personal communication, 1999; Barnett, 1965] ) were assigned at random to the with-livestock treatments. Remaining fields (up to 2% slope along and 4% across the contour) were then assigned at random to the remaining treatments.
Soil was sampled in February 2000 (subsequently referred to as 1999, before lime and manure applications, to distinguish it from the fall 2000 sampling), by taking approximately 15 2.5-cm diameter cores to a depth of 12.5 cm along the center of each field using a chrome-plated alloy steel soil probe. Organic matter concentration, pH, and Mehlich I extractable P, K, Ca, and Mg were determined by the West Virginia University Soil Testing Laboratory. This soil sampling procedure was repeated in fall 2000 and each succeeding year. In March 2000, all fields received applications of lime (2970-6500 kg ha . All fields assigned to the high external inputs treatment received 30,000 kg ha -1 of partially composted manure in April or May 2000. Subsequent applications of manure and total amounts of N, P, and K applied each year are given in Table 3 . Soybean, brassica, and orchardgrass-red clover phases of the rotation received no manure after 2001. Manure was partially composted dairy manure mixed with pine shavings and tree trimmings. One or two samples of each lot of manure were analyzed for total N, P, and K by the West Virginia Department of Agriculture Nutrient Management Lab. Our objective, starting in 2002, was to apply 336 kg ha -1 total N twice in the rotation for potato and wheat (Phases 1 and 3). Average annual applications of total N were 100 to 168 kg ha -1
. The application to wheat was split between before planting in fall and before growth started in early spring. The spring application was not made in years when weather conditions did not allow access to the fields. All pre-planting manure applications were made 1 to 2 wk before planting and disked in lightly. No animals were present in 2000. Fields seeded to red clover were mowed two or three times during 2000 to maintain vegetative growth and control weeds. Cut vegetation was not removed.
Cropping and Grazing Management
Crop and cover crop sequences are shown in Table 2 . Potatoes were planted by hand in May using cut or small tubers in 0.91-m rows with 0.30 m between sets. Weeds were controlled by hilling two or three times and pulling by hand. Colorado beetles (Leptinotarsa decemlineata Say) were controlled by hand removal of eggs. Potato was harvested in August and a rye (Secale cereale L.)-hairy vetch (Vicia villosa Roth) cover crop was sown in September. The following May this cover crop was chopped or grazed and soybean was no-till seeded in June. Soybean was chopped or grazed in early September and winter wheat was no-till seeded. The next year wheat was harvested in late July and the land disked. Brassica was planted in September and harvested in June and was followed by cowpea [Vigna unguiculata (L.) Walp.], a summer green manure crop, which was grazed or chopped in September. A rye-vetch winter cover crop was planted in September. In early May this cover crop was grazed or chopped, plowed in, and the rotation sequence for the withoutlivestock treatments started again with potato. In the case of the with-livestock treatments, cowpea was followed by the temporary grassland or ley, which remained in place for 3 yr (Phases 5, 6, and 7), and was grazed or cut for hay according to need. In May of the year following the third year of ley, the land was plowed and potato planted to start the next 7-yr cycle. Crop varieties and seeding rates are shown in Table 4 . A rotary mower was used to chop vegetation on fields assigned to the without-livestock systems, and sheep (Ovis aries) grazed fields assigned to the with-livestock systems. Animals assigned to the experiment obtained approximately 80% of their annual feed from a grassland (results not reported here), composed primarily of tall fescue, Kentucky bluegrass, orchardgrass, and red clover. They were integrated with the crops in the with-animal treatments, approximately 20% of their feed being produced by ley, cover crops, other vegetation, and crop residues.
Over the 12 yr of the experiment, a number of changes were made in response to available resources, weed invasion, weather and field conditions, and experience. Initially Brussels sprouts (Brassica oleracea gemmifera L.), the brassica crop, were chosen because it could be used both as a cash crop in without-livestock systems and as fodder in with-livestock systems. In 2001, seedlings were started in the greenhouse, transplanted in September, and harvested in June of the next year. Since this crop was heavily grazed by deer and required much of our scarce resources, in 2003 we chose forage rape (Brassica rapa L.) direct-seeded with a Brillion seeder, and in 2010 changed to kale (Brassica oleracea var. acephala L.), which can be used both as a forage and cash crop. In 2010 corn (Zea mays L.) was substituted for potato in response to our inability to control weeds, especially morning glory (Ipomoea spp.), and, in addition, potato was failing to produce in the low external inputs fields. A forage soybean was used until 2010, at which time a grain variety was used in the withoutlivestock systems.
Available land preparation equipment included a moldboard plow, rototiller, disk harrow, and a no-till Tye seeder. In the initial years, as little tillage as possible was performed in an effort to Table 3 . Average annual manure, total N, P, and K applications per field. facilitate the buildup of OM. This practice occasionally resulted in poor crop stands and extensive weed invasions. Beginning in 2007, more intensive tillage was performed. For the first 6 yr hay was made in May or June on Phases 6 and 7 of the ley (recently established Phase 5 was not hayed). After 2005, hay making was discontinued. Two sheep flocks were assigned to graze the with-livestock systems, one to the low external inputs treatment fields and the other to high external inputs treatment fields. Because it was assumed that herbage production on the low external inputs fields would be lower than that on the high external inputs fields, fewer animals were assigned to the former. During a grazing event, animals spent 1 to 3 d in each field assigned to the phase being grazed. In years when there was an excess of forage, fields were grazed primarily to control weeds. When forage was in short supply, fields were grazed more frequently. All with-livestock treatment fields were subject to grazing, depending on crop, cover crop, or crop residue, need to restrict weed-seed production, and livestock demand. Each phase was grazed at the same time during each grazing event. As pointed out by Posner et al. (2008) , the philosophy of management of a system's experiment such as that reported here allows flexibility to adjust practices to the needs of crops and animals, and varies from year to year.
Data Collection
Potato was harvested in August to September after senescence of the tops. Yield was estimated by collecting tubers from measured lengths of the two middle rows, excluding 3 m at each end. These tubers were then sorted, brushed clean, and weighed. Wheat was combine-harvested in July or August. Immediately before harvest, approximately nine 0.84 m lengths of row were clipped at soil level, weeds separated, and stalks and weeds weighed. Stalks and weeds were sub sampled and dried. Ears were threshed and grain dried and weighed. Hay was made on all soybean fields in 2000. Subsequently with-livestock treatment fields were grazed and without-livestock treatment fields were cut with a rotary mower. Herbage mass (dry matter, DM) of soybean, brassica, cowpea, rye-vetch, and orchardgrass-red clover was estimated in one of three ways (the same method was used at each harvest in all fields): Method 1. Two or three strips were clipped with a sickle bar mower; length of strip measured; vegetation weighed and sub-sampled for separation into grass, legume, weeds, and dead material; dried; and weighed. Herbage mass was then determined using the calculated percentage DM. Method 2. Three quadrats (0.84 × 0.22 m) were hand-clipped at soil level; vegetation separated into grass, legume, weeds, and dead; then dried at 65°C for 48 h and weighed. Method 3. Sward plate meter, as described by Rayburn and Rayburn (1998) . Herbage mass was then estimated using the formula:
Herbage mass = (Average sward plate meter height in cm) × 231 -81.9
More than 95% of the herbage mass estimates were made using Methods 1 and 2. Method 1 was used for soybean, cowpea, and first cut orchardgrass-red clover. Method 2 was used for brassica and aftermath orchardgrass-red clover and rye-vetch. Method 3 was used occasionally when herbage mass was less than 1500 kg ha -1 . 
Data Presentation and Statistical Analysis
Annual biomass production was estimated by adding total dry matter mass for each crop or cover crop for each block and treatment combination and dividing by 4 and 7 for the 4-yr (without-livestock) and 7-yr (with-livestock) rotations, respectively. Production data for 2000 were not included in the analysis because the low external inputs fields were all seeded to red clover. For purposes of analysis, Cady (1991) advocated designating the first years of rotation experiments as preliminary years. He wrote that the number of preliminary years needed is one less than the length of the rotation. Following years are referred to as cycles, each cycle being the length of the rotation. If an experiment compares rotations of different lengths, the number of preliminary years needed is one less than the length of the longest rotation. Since our experiment continued for only 12 yr we could not use Cady' s procedure for designating preliminary years and cycles. We opted to delete data from 2000, because the low external inputs fields were all seeded to red clover, and designated 2001 to 2003 as preliminary years. The rest of the years we designated as two 4-yr cycles. Data were analyzed using the MIXED procedure of SAS (SAS Institute, 2010) with a = 0.10. External inputs, livestock, cycle, andin the case of orchardgrass-red clover ley-phase were considered fixed effects while block, year within cycle, and interactions with block were considered random. Statistical models included cycle in order to assess the effects of treatments on the same plot over time (Stanger and Lauer, 2008) . Repeated measures analysis was used because cycle was a repeated measurement.
RESULTS AND DISCUSSION
Weather data are summarized for preliminary years and both cycles in Table 5 . Average monthly temperature and monthly precipitation were close to normal, but small variations could have influenced crop growth. April was warmer than normal in both preliminary years and Cycle 2. April, May, June, July, and September were warmer and wetter than normal during Cycle 2. May and July were also wetter than normal in the preliminary years, and May and September were drier than normal in Cycle 1. Of the two cycles, conditions for plant growth were better in Cycle 2 than Cycle 1. Average annual manure application per field was higher on the without-livestock system than on the with-livestock system (Table 3 ). This occurred because these two systems differed in length of rotation, and manure was not applied to Phases 5, 6, and 7 of the system with livestock. Thus, on average between 60 and 70% more manure, total N, P, and K was applied annually per field to the without-livestock system compared with the with-livestock system.
Crop and cover crop production data are summarized in Table 6 . As expected, production of all crops, as well as the cowpea and rye-vetch cover crops, was increased by application of manure to the high external inputs systems. Coulter et al. (2011) reported lower crop production with zero inputs compared with providing nutrients in external inputs. The increase in production was greatest for brassica and potato and least for cowpea and ley in Phase 7. Some of the differences between crops in response to manure can be attributed to the amount of manure applied and timing of application. Potato received more manure than wheat, because the spring half of the application was not made to wheat in most years. Neither legume received manure in the seeding year, but followed potato and wheat to which manure was applied. The production increases with legumes reflect the difference in manure rate between potato and wheat. Brassica responded well to manure application to the wheat. Rye-vetches responded to manure application, the increase for this cover crop following Phase 4 being non significant (data not shown). Each phase of the ley responded to manure but the response was less as years from seeding increased. Annual herbage accumulation increased with phase, the largest increase being from Phase 5 to 6, in agreement with the report of Bryan (1985) . Manure application resulted in an average increase in annual biomass accumulation (combining all crops and cover crops on a DM basis) of 33%.
Integration of livestock into the cropping system combined with diversification of the rotation with 3 yr of ley increased wheat grain yield and reduced herbage mass production of brassica and annual biomass accumulation (Table 6 ). Effects of manure (high external inputs) and livestock were confounded (on average between 60 and 70% more manure, total N, P, and K were applied annually per field to the without-livestock system compared with the with-livestock system); therefore, we would have expected average production of all crops, cowpea, and annual biomass to be lower with than without livestock. Thus, our results that livestock increased wheat yield and did not lower production of potato, soybean, or cowpea indicate a beneficial effect of livestock. Production of soybean; ley in Phases 5, 6, and 7; and annual biomass was greater in Cycles 1 and 2 than in preliminary years. Differences in crop production between Cycles 1 and 2 were small, with an overall tendency for Cycle 2 production to be greater than Cycle 1. While many factors could have caused variability in production among years, including weather and weed abundance, an increase from preliminary years to Cycles 1 and 2 would be expected as soil OM increased (Fig. 1) , and residual effects of repeated manure applications (Jenkinson, 1991) and effects of grazing livestock on available nutrients accumulated (Franzluebbers et al., 2014) .
The interactions between external inputs, livestock, and cycle (I × L × C) for potato, wheat grain, and brassica production were significant (Table 6 ). In the preliminary years livestock reduced wheat grain production with low external inputs and increased it with high external inputs (Fig. 2) . A possible explanation for the with-livestock treatment lowering production with low external inputs is that hay was removed each year up to 2005 from the Phase 6 and 7 fields, reducing available nutrients. Manure was applied to all phases of the high external input systems in 2000 and 2001, possibly resulting in more wheat being produced with livestock. In Cycle 1 there was no effect of livestock where external inputs were low, and in Cycle 2 livestock increased wheat production with low external inputs. With high external inputs the effect of livestock was no longer evident in Cycle 2. However, since the average annual application of manure to without-livestock fields was 60 to 70% greater, the fact that with-livestock fields at high external inputs did not yield less shows a strong positive effect of the with-livestock treatment. The significant external input × phase × cycle interaction for orchardgrass red clover herbage mass adds further evidence for the contribution of livestock to DM production. Data are shown for Cycle 2 (Fig. 3) when long-term effects would have been most evident. Although with high external inputs DM production did not increase between Phase 6 and 7, with low external inputs it continued to increase from Phase 6 to 7 and no difference between high and low external inputs was evident in Phase 7. Our findings that livestock increased crop production are supported by Russelle (1992) , who attributed the presence of large grazing herbivores to increasing the rate of the N cycle and redistribution of N. Soil analysis results for 1999, 2003, 2007 , and 2011 (before experiment started, after preliminary years, Cycle 1, and Cycle 2, respectively) are given in Table 7 . Before application of lime and manure there were few differences among fields assigned to treatments. Available K was lower on fields assigned to withlivestock compared with those assigned to without-livestock (P < 0.05). Similarly, although not significant, available P was lower on fields assigned to livestock compared with without. High external inputs increased soil OM and pH, and available P, K, Ca, and Mg, differences between high and low treatments becoming greater as the experiment progressed. High external inputs resulted in higher pH values due to alkaline materials in the manure. The effects of experimental treatments on pH are masked and it is not possible to evaluate the direct effect of manure on pH or Ca.
Over the course of the experiment, soil OM and available K showed similar responses to treatments ( Fig. 1 and 4) . During the preliminary years, OM concentration dropped and then began to increase. Soil K also dropped initially followed by an increase in fields with high external inputs, the increase being higher withoutlivestock than with-livestock. Soil OM increased and then tended to level off, the drop in 2008 we believe to be due to changing tillage practices from minimum tillage to use of a rototiller in 2007. Over time soil K (Fig. 4) increased with the high level of external inputs and without-livestock and decreased slightly with low external inputs. At the end of the experiment, the levels of soil K on the high external inputs treatments were much greater than those of the low external inputs treatments. With low external inputs, the livestock treatment had greater soil OM and K compared with without livestock (Fig. 1 and 4 ). In fields with high external inputs there was no difference in soil OM with or without livestock, but K was lower with livestock compared with without livestock because more manure per field per year was applied to the latter. Other soil parameters (available P, Ca, and Mg) were not affected by livestock with low external inputs, and with high external inputs livestock reduced them (data not shown). Difference between treatments in soil bulk density, changes in which are strongly determined by soil OM, could have influenced our results (Ruehlmann and Körschens 2009) . The primary effects on soil parameters were year and external inputs, but we found that the with-livestock treatment had a positive effect on concentration of soil OM, an important indicator of soil quality. This finding is supported by the conclusions of Studdert et al. (1997) and García-Préchac et al. (2004) .
CONCLUSIONS
After 12 yr, soil OM was higher with livestock than without livestock under low external inputs. Under high external inputs there was no difference in soil OM concentration between with and without livestock, which we did not expect because less manure was applied to the with-livestock system compared with the withoutlivestock system. This allows us to deduce that the with-livestock treatment increased soil OM at high external inputs. Wheat grain yield in Cycle 2 was greater with-livestock rather than withoutlivestock. We deduce, therefore, that integrating crops and livestock in a farming system can increase soil quality and crop productivity. Some of our results do not support this conclusion. However, given the short duration of the experiment and lack of experience of personnel we suggest that soil OM and wheat grain yield are reliable indicators of the above deduction.
Only a small proportion of a typical Appalachian hill land farm has slope characteristics that permit annual crop cultivation. Much of the rest of the farm is suitable for permanent crops, primarily woodland and pasture. Conserved forage production to carry livestock during the winter is also restricted by topography. Farm stocking rate in the primarily cow-calf production systems is largely based on how many cows can be carried over the winter months. We deduce that Appalachian livestock farmers could increase stocking rate by implementing an integrated crop livestock system. Irrespective of level of external inputs, such integration could increase soil quality and crop production and utilize vegetation (non-crop plants, crop residues, and cover crops) to increase winter feed supply. A major barrier to such integration is the lack of experience in applying good management practices to livestock, crops, and grassland. In addition to crop livestock integration there are multiple management options that a farmer could implement, such as extension of the grazing season, grazing of hay land, and greater utilization of pasture. 
